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Abstract 
Pollution of groundwater due to industrial and municipal wastewaters is of a rising concern in many cities and 
industrial clusters of India. Faridabad - a peri-urban agricultural area is one such industrial site in district Haryana, 
India. The primary aim of this investigation was, to assess extend of ground water contamination in the peri-urban 
agricultural sites around Faridabad, Haryana and to assess its contribution due to salt/trace metal laden agricultural 
irrigation waters. For this, a detailed survey on the farming practices, soils and surface/sub-surface irrigation waters 
of 30 spatially separated villages around study area  was conducted. The surveyed information was used for 
estimating deep percolation loss, salt / heavy metal leaching and thus vulnerability of ground waters at each sample 
site to salt/ heavy metals by means of a field scale decision support system - IMPASSE©. Analysis showed that the 
study area was saline (i.e., ECmean = 4.79  2.76 dS/m, Clmean = 2043.30  457.26 ppm and Fmean = 11.57  4.83 ppm). 
These salt affected agricultural lands were found to be irrigated with (good to marginally alkali) canal, (marginally 
alkali to alkali) drain and (good to alkali) tube well waters. As a result, the mean EC (2.85  0.85 dS/m), Cl (1227.85 
  295.93 ppm) and F (6.26  2.12 ppm) concentrations in the root zone leachates from each test site, were found to 
be far beyond their permissible limits of 0.75 dS/m, 1000 ppm and 1.5 ppm. Even the soil root zone water soluble 
concentrations of some trace metals (viz., Cr: 0.06 0.00 ppm; Ni: 0.02 0.01 ppm, and Pb:0.05 0.01 ppm) were 
observed to be of some threat to the deep percolating waters. However, the vulnerability assessments indicated that 
due to existing cropping pattern and deeper water table depths, the study area ground waters were not yet vulnerable 
to these salts/ trace metals in the root zone leachates, and that the presence of salts in the study area ground waters 
was primarily geogenic 
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1. Introduction  
Ground water exists as an integral part of the hydrologic cycle of a given region. It is a valuable 
renewable resource for human life and economic development, and occurs in permeable geologic 
formations known as aquifers. Last 50 years have seen unprecedented development of groundwater 
resources. The Annual Replenishable Ground Water Resource for the entire country has been assessed as 
431 billion cubic meters (bcm)[1]. However, in spite of its huge significance and development, 
groundwater irrigation is heading for a crisis and needs urgent attention and understanding, particularly 
under peri-urban agricultural settings with conflicting uses of groundwater for irrigation and public 
supply. As per Indian statistics the number of such peri-urban irrigation blocks labeled as overexploited is 
increasing at an alarming rate of 5.5 per annum [2]. 
According to Central Pollution Control Board, Faridabad has been ranked at the 18th place with high 
CEPI (Comprehensive Environmental Pollution Index) score of 77.07 and declared as one of the most 
Critically Polluted Industrial Clusters in India. It’s the industrial hub of Haryana state with 12468 
registered industries, of which 1216 are red categorized industries. The different water/soil polluting 
industries include Automobile Components, Breweries, Chemicals, Electroplating, finished leather, 
Hospital, Oil Recycler, Steel Tubes, Textile Dyeing, Tyre Manufacturing and Power Station which 
generate approximately 15732.74 KLD effluents. As a practice, these effluents are being treated and 
discharged to the River Yamuna; concurrently another part of the effluent which is not being secondarily 
treated, is discharged into the unlined open drains namely; Gaunchi Drain and Buria Nalaha and finally 
reaching River Yamuna. In case of domestic sewage generation, presently 200 MLD of sewage generated 
per day, of which only 57% is being treated, the rest 85 MLD is being discharged to River Yamuna 
without any treatment through the same drains. This discharge of untreated domestic and industrial waste 
generated from both the residential areas and industrial areas respectively through the open drain namely 
Buria Nala and Gounchi drain is the main source of contamination of soil/ ground water in the area[3]. 
Many approaches have been developed to evaluate aquifer vulnerability. These include process based 
methods, statistical methods, and overlay / index methods[4,5]. The process based methods use 
simulation models to estimate the contaminant migration[6]. Statistical methods use statistics to 
determine associations between the spatial variables and the actual occurrence of pollutants in the 
groundwater. While the overlay / index methods use location specific vulnerability indices based on the 
factors controlling movement of pollutants from the ground surface to the saturated zone. Of these major 
approaches, the overlay/index method has been the most widely adopted approach for large scale aquifer 
sensitivity and ground water vulnerability assessments. These approached are based on combining maps 
of various physiographic attributes by assigning an index or score to each attribute[7]. However, the 
overlay/ index methods suffer from several flaws[8] thereby limiting their scope as only relative indices 
of aquifer sensitivity. One of the primary flaws in this approach is the arbitrary selection of parameter 
weights, based on some expert opinion[9]. In contrast to these, the process based approaches are usually 
more elaborated and include different degrees of complexity from process-based indices to complex 3-D 
simulation models. In fact, there are reports that suggest that overlay/ index methods could still be useful 
in combination with the process-based models[10]. 
Hence with this in background, the present study was mainly aimed at testing the application of one 
such methodology, based on an indigenously developed and pre-validated (process-based) field scale 
decision support system (DSS) named IMPASSE [11-13], to analyze ground water contamination, if any, 
at the peri urban agricultural sites around Faridabad district and its association to the on-going agricultural 
practices  or the geology of the area. To achieve this, following detailed methodology was adopted. 
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2. Materials and Methods  
2.1. Sample Site Selection  
The study area was segregated into agricultural and non-agricultural (i.e. urban/ridge/industrial) land 
use types by means of its land use map, which was prepared with the help of a False Colour Composite 
(FCC) of IRS-1C (LISS III) satellite data and the ground truth information generated through primary 
resource survey. The so generated land use map of the study area was digitized in Arc-View/Arc View 
Spatial Analyst – GIS software. District boundary, villages, and canal as well as drainage network maps 
of Faridabad block were also digitized. These were super-imposed over the digital land use map of the 
study area to randomly select 34 (agriculturally diverse) sample sites (Fig. 1) around 30 sample villages in 
the Faridabad block. A Global Positioning System (Trimble Geo explorer 1.2c GPS) was used for storing 
the exact location of all these sample points.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Study area location, land use and sampling sites. 
 
2.2. Resource Survey and Analysis 
 
To understand contribution of land-water management practices to salt/heavy metal leaching, surface 
(canal, drain  and river) and sub-surface (tube-well) water samples were collected in triplicate and 
subjected to Electrical Conductivity (EC), pH, Sodium(Na),Calcium( Ca), Magnesium(Mg), Chloride(Cl), 
Fluoride(F), Carbonate(CO3) and Bicarbonate(HCO3) analysis[14]. Heavy metals viz. Copper(Cu), 
Iron(Fe,) Manganese(Mn), Zinc(Zn) and Chromium(Cr), Nickel(Ni), Lead(Pd), Cadmium(Cd) were 
analysed as per the standard procedures[15] through flame atomic absorption spectrometer (ECIL 
AAS4141) and polarographic TraceLab Analyzer (POL150[16]); respectively. From selected sample sites, 
top (10-30cm) soil samples were also collected in triplicate and subjected to different physico-chemical 
tests (viz. soil texture, pH, EC, Na, Ca, Mg, Cl and F) as per the standard procedures. Both DTPA 
extractable and water soluble heavy metal (viz., Cu,Fe, Mn, Zn, and Cr, Ni, Pd, Cd) concentrations were 
also estimated. Husbandry information on crops and water management was also collected, from the same 
sample sites through personal interviews of farmers as per the standard participatory rural appraisal 
techniques.   
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2.3. Vulnerability Assessments  
Vulnerability of the study area ground waters to a particular pollutant/ pollutant (VUL_pollutant), 
under a specific land-water management practice at each sample site, was assessed by means of the 
following formula:                                                                                                                                   
                       
 VUL_pollutant (unit less) = (CL / CD) x (DP/ WT)        (1) 
 
where, CL is pollutant (viz. chloride, fluoride or any trace metal) concentration in root zone leachate, CD 
is desirable pollutant concentration in root zone leachate[17,18] DP is total amount of deep percolation 
loss (mm) under a specific cropping sequence and WT is the average (pre and post monsoon) ground 
water table depth (mm), at each sample site. Agricultural sites with vulnerability values  1 with respect 
to any pollutant under consideration were considered as vulnerable sites. 
In order to implement this methodology, the ground water depths at each sample site were determined 
through interpolation of ground water depth data for 149 sites across entire Faridabad district by means of 
a ARC- view GIS software. While the CL and DP values, under a specific cropping system at each sample 
site, were estimated by means of an indigenously developed and pre-validated field scale DSS named 
IMPASSE[11,12,13]. IMPASSE can assess short / long term impacts of a range of (geo) hydrologic 
conditions, water management options (such as alternative irrigation numbers/depths/ schedules/ 
conjunctive water use strategies) and crop rotation schedules through sequential generation and 
processing of individual (crop) season-specific scenarios, with differential resource management plans, 
for a number of years. In the present study, the incorporation of differential resource management plans 
was achieved through the setting-up of the appropriate values of weather, crop, soil, and irrigation inputs 
for specific crops/ cropping sequence at each sample site of the study area.  
Further to relate the cause of ground water contamination to study area geology and/ or presence of 
contaminants in the applied irrigation waters, the so computed salt/trace metal vulnerability at each site 
was compared with the actually determined concentrations of the same pollutant in the sample site ground 
waters. 
 
3. Results and Discussions  
 
3.1. Crop and Water Management 
 
Pearl millet and paddy during kharif season and wheat during rabi season were the dominant crop 
types cultivated in the study area. These were primarily irrigated through tube wells located at depths 
ranging from 8 to 40 m (Table1). Canal (e.g. Chhainsa distributary from Agra canal and Harchandpur 
distributary from Gurgaon canal) and drain (e.g. Burhiya and Gaunchi drain) waters were observed to be 
the other sources of irrigation waters. However these were observed to be applied, particularly in Paddy-
Wheat cropping systems, in conjunction and in cyclic mode with tube well waters (Table 1). 
 
3.2. Irrigation water quality  
 
As evident from Table 2, the study area tube well waters were associated with 118.33±1.53 to 1254± 
1.53ppm (mean:  422.18 ± 1.53 ppm) chloride and 0.23±0.0 to 1.84 ±0.0 ppm (mean : 0.86 ± 0.0 ppm) 
fluoride concentrations. In comparison to tube well waters, the chloride and fluoride concentrations in the 
canal, drain and river  waters ranged from 248.5 ± 1.00 to 1621.16 ±0.58 ppm and 0.7 ± 0.00 to 1.01 ± 
0.01 ppm,  respectively (Table 3). Thus in general the tube well waters were observed to be associated 
with significantly higher chlorides and fluorides  than the canal, drain, river waters. 
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Table 1. IMPASSE model estimated deep percolation losses, Chloride (Cl), Fluoride(F), Iron(Fe), Manganese(Mn), Chromium(Cr),  
Nickel(Ni) and Lead(Pb) concentrations in root zone leachates from test sites under different land-water management 
practice. 
 
Village Soil Type      EC    ESP 
Source of 
irrigation water 
& Cropping 
system 
GW 
Depth 
(m) 
DP loss 
(mm) 
Cl F Fe Mn Cr Ni Pb 
ppm 
KHERI KALAN SL 4.15 ±0.04 5.53 ±0.41 TW-PW 25 661 909 9.43 0.22 0.19 0.04 0.02 0.03 
PALWALI SL 4.40 ±0.02 3.60 ±0.09 TW-PW 14 325 796 3.56 1.22 0.21 0.04 0.01 0.03 
RAWAJPUR SCL 5.3 ±0.04 4.78 ±0.13 TW:DW (1:1)-RW 27 1330 1115 8.63 1.54 0.19 0.04 0.01 0.04 
NACHOULI SL 11.45 ±0.20 14.79 ±0.09 TW:DW (0.8:0.2)-SW 33 349 1534 7.86 0.56 0.19 0.04 0.01 0.03 
DUNGARPUR SL 3.7 ±0.07 13.98 ±0.45
 
TW:DW 
(1:1)-RW 
14 1153 1602 3.97 0.8 0.28 0.04 0.02 0.03 
RAJPURKALAN SL 4.48 ±0.03 12.57 ±0.43 TW-PW 18 483 1446 5.17 0.42 0.13 0.04 0.01 0.04 
DADSIA SL 4.58 ±0.16 6.83 ±0.36 TW-RW 41 1312 1168 7.9 0.28 0.1 0.04 0.01 0.02 
LALPUR SL 3.36 ±0.08 2.40 ±0.05 TW-RW 14 1401 1563 6.75 0.06 0.11 0.04 0.01 0.02 
DHADAR SL 9.48 ±0.21 9.62 ±0.26 TW-RW 16 1182 1980 4.53 0.69 0.23 0.04 0.01 0.03 
MAOZAMABAD SL 7.15 ±0.15 15.58 ±0.38 TW:DW (0.8:0.2)-RW 19 1467 1040 8.95 0.97 0.22 0.05 0.01 0.03 
JASANA SL 4.33 ±0.02 4.42 ±0.12 TW:CW (1:1) -PW 23 318 846 1.33 3.15 0.26 0.03 0.01 0.02 
AMIPUR SCL 4.78 ±0.13 4.95 ±0.04 TW-RW 16.5 1273 1133 4.88 0.46 0.09 0.05 0.01 0.02 
CHIRSI SCL 4.82 ±0.12 4.94 ±0.16 TW&DW (1:1)-RW 20 1321 1033 5.94 0.68 0.18 0.05 0.01 0.03 
DHAHKOLA SL 2.84 ±0.10 3.48 ±0.03 TW:CW (0.6:0.4)- RW 21 1376 1153 3.82 2.18 0.24 0.04 0.01 0.03 
TAJPUR SL 4.40 ±0.06 6.30 ±0.45  TW-PW 17 236 1097 4.88 0.34 0.21 0.04 0.01 0.03 
BHATOLA SCL 4.32 ±0.01 5.83 ±0.16 TW-PW 26 196 1062 8.88 0.72 0.21 0.04 0.01 0.02 
FATTUPURA SL 3.36 ±0.01 8.21 ±0.29 TW-PW 21 238 1379 6.38 1.03 0.12 0.04 0.01 0.03 
TIGAON SCL 4.9 ±0.09 14.28 ±0.82 TW-PW 21 245 1146 5.68 1.42 0.09 0.04 0.04 0.02 
NIMKA SCL 3.94 ±0.13 8.64 ±0.24 TW:DW (0.8:0.2)- RW 27.5 242 820 7.44 0.15 0.37 0.04 0.01 0.02 
BHAINSAROLI SL 4.14 ±0.01 10.69 ±0.34 TW-PW 18.3 399 1649 4.06 0.65 0.11 0.04 0.02 0.03 
SARURPUR SCL 4.59 ±0.16 15.61 ±0.30 TW-PW 20 358 1530 7.53 1.31 0.13 0.04 0.01 0.03 
KHERI GUJRAN SCL 3.01 ±0.05 3.50 ±0.11 TW:DW (1:1)-SW 15 216 756 9.61 1.1 0.21 0.04 0.01 0.02 
FATEHPUR TAGA SL 4.23 ±0.02 9.75 ±0.19 TW-PW 11.5 358 1242 6.99 0.64 0.17 0.04 0.01 0.05 
PAOTA SL 3.26 ±0.18 7.85 ±0.26 TW-PW 14.5 419 901 7.22 0.23 0.11 0.04 0.01 0.03 
GOTDA  
MOHABTABAD SL 3.58 ±0.01 9.36±0.32 TW-PW 15.2 163 1382 6.24 0.09 0.12 0.04 0.01 0.03 
KHERI JAMALPUR SL 4.69 ±0.02 8.21 ±0.20 TW-PW 11 246 1594 6.41 1.56 0.24 0.04 0.02 0.03 
ALAMPUR SL 4.05 ±0.03 2.41 ±0.11 TW-PW 14.5 209 1422 9.88 0.35 0.24 0.04 0.01 0.03 
KOT SL 3.80 ±0.16 4.77 ±0.27  TW-PW 21 300 1156 5.35 0.31 0.24 0.04 0.02 0.03 
NOORPUR SL 1.81 ±0.02 2.25 ±0.08 TW-PW 16 330 1165 5.16 1.06 0.26 0.04 0.02 0.04 
MANGER SL 2.22 ±0.02 1.96 ±0.04 TW-PW 8.2 373 1203 3.40 1.62 0.26 0.04 0.02 0.04 
 
SL-sandy loam; SCL-sandy clayloam; TW-tubewell water; CW-canal water; DW-drain water; PW-pearlmillet-wheat; RW-rice-
wheat; SW-sorghum-wheat; GW-groundwater; DP-deep percolation loss 
 
As regards heavy metals the concentration of key contaminants such as iron (Fe), manganese (Mn), 
chromium (Cr), nickel (Ni) and lead (Pb) were observed to be slightly higher for tube well waters than 
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canal, drain and river waters (Tables 2 and 3). Further though concentrations of these heavy metals in the 
tube well waters were within irrigation water standards yet these were somewhat higher with respect to 
the drinking water standards. 
 
Table 2. Mean Chloride(Cl), Fluoride(F),Iron(Fe), Manganese(Mn), Chromium(Cr),Nickel(Ni) and Lead (Pb) concentrations in the 
sub-surface irrigation waters. 
 
 
Village 
Cl F Fe Mn Cr Ni Pb 
ppm 
KHERI KALAN 224.83 ±0.58 0.83 ±0.00 0.02 ±0.00 0.14 ±0.00 0.03 ±0.00 0.1 ±0.04 0.07 ±0.00 
PALWALI 497 ±1.00 0.53 ±0.00 0.02 ±0.05 0.14 ±0.02 0.00 ±0.00 0.1 ±0.06 0.07 ±0.11 
RAWAJPUR 248.5 ±1.00 0.94 ±0.00 1.27 ±0.07 0.24 ±0.02 0.03 ±0.00 0.1 ±0.13 0.1 ±0.06 
NACHOULI 473.33 ±0.58 1.84 ±0.00 0.51 ±0.02 0.01 ±0.00 0.00 ±0.00 0.1 ±0.12 0.1 ±0.05 
DUNGARPUR 899.33 ±0.58 0.9 ±0.00 1.349±0.03 0.43 ±0.00 0.00 ±0.00 0.1 ±0.07 0.48 ±0.02 
RAJPURKALAN 402.33 ±0.58 0.3 ±0.00 0.20 ±0.06 0.01 ±0.00 0.00 ±0.00 0.1 ±0.02 0.31 ±0.10 
DADSIA 236.66 ±0.58 0.61 ±0.00 0.27 ±0.02 0.01 ±0.02 0.00 ±0.00 0.1 ±0.11 0.23 ±0.05 
LALPUR 1124.16 ±0.58 0.45 ±0.00 0.13 ±0.02 0.01 ±0.03 0.00 ±0.00 0.1 ±0.06 0.31 ±0.02 
DHADAR 591.66 ±0.58 0.73 ±0.00 1.1 ±0.04 0.25 ±0.02 0.00 ±0.00 0.1 ±0.02 0.1 ±0.10 
MAOZAMABAD 236.66 ±0.58 0.92 ±0.00 1.13 ±0.11 0.25 ±0.02 0.00 ±0.00 0.1 ±0.10 0.1 ±0.13 
JASANA 426 ±0.58 0.51 ±0.00 4.08 ±0.03 0.29 ±0.03 0.03 ±0.00 0.1 ±0.03 0.1 ±0.00 
AMIPUR 497 ±1.15 0.32 ±0.01 0.62 ±0.07 0.01 ±0.02 0.03 ±0.00 0.1 ±0.16 0.1 ±0.00 
CHIRSI 130.16 ±1.53 0.54 ±0.00 1.16 ±0.05 0.24 ±0.04 0.00 ±0.00 0.1 ±0.03 0.31 ±0.18 
DHAHKOLA 201.16 ±0.00 1.61 ±0.00 1.20 ±0.02 0.25 ±0.03 0.00 ±0.00 0.1 ±0.06 0.36±0.02 
TAJPUR 260.33 ±0.58 0.92 ±0.00 0.58 ±0.05 0.16 ±0.02 0.00 ±0.00 0.1 ±0.15 0.48 ±0.02 
BHATOLA 213 ±0.58 0.67 ±0.01 0.89 ±0.05 0.21 ±0.02 0.00 ±0.00 0.1 ±0.04 0.44 ±0.04 
FATTUPURA 224.83 ±0.58 0.67 ±0.00 1.85 ±0.07 0.01 ±0.02 0.00 ±0.00 0.1 ±0.03 0.48 ±0.02 
TIGAON 792.83 ±0.58 1.44 ±0.00 1.54 ±0.19 0.01 ±0.01 0.03 ±0.00 0.1 ±0.08 0.52 ±0.04 
NIMKA 248.5 ±1.00 0.87 ±0.17 0.02 ±0.16 0.00 ±0.01 0.03 ±0.00 0.1 ±0.04 0.40 ±0.04 
BHAINSAROLI 390.5 ±1.00 0.58 ±0.00 0.02 ±0.12 0.00 ±0.03 0.03 ±0.00 0.1 ±0.01 0.40 ±0.00 
SARURPUR 745.5 ±0.58 1.71 ±0.00 0.02 ±0.02 0.00 ±0.00 0.03 ±0.00 0.1 ±0.04 0.1 ±0.00 
SARURPUR 1254.33 ±1.53 0.23 ±0.00 0.02 ±0.07 0.00 ±0.04 0.00 ±0.00 0.1 ±0.09 0.1 ±0.00 
KHERI GUJRAN 118.33 ±1.53 1.66 ±0.00 0.27 ±0.04 0.22 ±0.02 0.00 ±0.00 0.1 ±0.01 0.1 ±0.00 
FATEHPUR TAGA 875.66 ±0.00 0.84 ±0.00 0.24 ±0.05 0.01 ±0.02 0.03 ±0.00 0.1 ±0.03 0.56 ±0.00 
PAOTA 142 ±0.58 1.24 ±0.00 0.20 ±0.03 0.01 ±0.03 0.00 ±0.00 0.1 ±0.08 0.36 ±0.00 
GOTDA MOHABTABAD 295.83 ±0.58 1.31 ±0.00 0.20 ±0.07 0.01 ±0.03 0.03 ±0.00 0.1 ±0.02 0.44 ±0.00 
KHERI JAMALPUR 473.33 ±0.58 0.98 ±0.00 0.34 ±0.04 0.25 ±0.02 0.00 ±0.00 0.1 ±0.00 0.52 ±0.00 
ALAMPUR 378.66 ±0.00 0.96 ±0.00 0.27 ±0.03 0.29 ±0.00 0.00 ±0.00 0.1 ±0.00 0.60 ±0.00 
KOT 142 ±0.58 0.42 ±0.00 0.27 ±0.05 0.27 ±0.01 0.00 ±0.00 0.1 ±0.00 0.64 ±0.00 
NOORPUR 165.66 ±0.00 0.36 ±0.00 1.89 ±0.09 0.30 ±0.00 0.03 ±0.00 0.1 ±0.00 0.44 ±0.00 
MANGER 177.5 ±0.58 0.75 ±0.00 1.92 ±0.11 0.30 ±0.00 0.00 ±0.00 0.1 ±0.00 0.69 ±0.00 
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3.3. Ground water vulnerability 
 
The analysis showed that inspite of the presence of more than permissible levels of chlorides (756.22 
to1980. 01 p.m.) and fluorides (3.4 to 9.88 p.m.) in the root zone leachates  (Table 1) from the test sites, 
the study area ground waters were not vulnerable to either of them; as evident from their vulnerability 
values (<1.0, Fig 2 (a) and (b)). This was primarily observed to be due to the presence of ground waters at 
deeper depths (about 19.6 meters) and practicising of low water demanding crops/ cropping systems. On a 
relative scale ground water vulnerability to fluoride in root zone leachates was slightly more than that for 
the chloride. This was primarily attributed to the enhanced dissolution of native fluoride from the saline 
soils formed from fluor-apatite enriched sedimentary rocks under marginally alkali to alkali water 
conditions [19].Thus, the investigation clearly revealed geology to be the major cause for the presence of 
more than permissible levels of  Cl(>500 ppm) and F (>1ppm) in the underground waters of the study 
area. 
 
Table 3. Mean Chloride(Cl), Fluoride(F),Iron(Fe), Manganese(Mn), Chromium(Cr),Nickel(Ni) and Lead (Pb) concentrations in the 
surface irrigation waters. 
 
 
This was also found to be the case with respect to the Fe, Mn, Cr, Ni and Pb vulnerabilities (Fig 3(a), 
(b), (c), (d) & (e)). In general,  sites  with rice- wheat cropping pattern and sandy loam to sandy clay laom 
soils (such as Rawajpur, Dungarpur, Dadsia, Lalpur, Dhadar, Maozamabad, Amipur, Dhahkola and Chirsi) 
were found to be associated with relatively higher trace metal vulnerability and hence metal 
Village 
Cl F Fe Mn Cr Ni Pb 
ppm 
(a) Canal water 
KHERI KALAN 248.5 ±1.00 0.79 ±0.01 0.02 ±0.00 0.14 ±0.03 0.03 ±0.00 0.1 ±0.03 0.07 ±0.00
PALWALI 260.33 ±0.58 0.82 ±0.01 1.13 ±0.07 0.29 ±0.04 0.03 ±0.00 0.1 ±0.14 0.07 ±0.10
RAWAJPUR 260.33 ±0.58 0.85 ±0.00 1.1 ±0.02 0.29 ±0.01 0.00 ±0.00 0.1 ±0.01 0.1 ±0.05 
NACHOULI 355 ±0.00 1.01±0.01 1.27 ±0.19 0.35 ±0.05 0.03 ±0.00 0.1 ±0.10 0.36 ±0.04
JASANA 366.83 ±1.00 0.83 ±0.00 4.12 ±0.07 0.30 ±0.02 0.03 ±0.00 0.0 ±0.090 0.1 ±0.00 
DHAHKOLA 355 ±0.58 0.96 ±0.00 0.99 ±0.02 0.22 ±0.02 0.00 ±0.00 0.1 ±0.04 0.27 ±0.00
TIGAON 331.33 ±0.58 0.85 ±0.00 1.78 ±0.02 0.01 ±0.01 0.00 ±0.00 0.1 ±0.05 0.48 ±0.10
NIMKA 260.33 ±1.00 0.93 ±0.00 0.02 ±0.02 0.00 ±0.01 0.03 ±0.00 0.1 ±0.08 0.56 ±0.10
SARURPUR 331.33 ±0.58 0.85 ±0.00 0.02 ±0.07 0.00 ±0.04 0.03 ±0.00 0.1 ±0.08 0.1 ±0.00 
FATEHPUR TAGA 272.16 ±1.53 0.8 ±0.00 0.31 ±0.06 0.25 ±0.04 0.03 ±0.00 0.1 ±0.00 0.1 ±0.00 
            ( b)           Drain Water 
RAWAJPUR 402.33 ±0.58 0.91 ±0.00 0.58 ±0.07 0.01 ±0.01 0.03 ±0.00 0.1 ±0.11 0.1 ±0.00 
NACHOULI 437.83 ±0.58 0.92 ±0.00 0.48 ±0.11 0.01 ±0.02 0.03 ±0.00 0.1 ±0.03 0.1 ±0.04 
DUNGARPUR 366.83 ±0.58 0.93 ±0.00 1.49 ±0.16 0.40 ±0.02 0.03 ±0.00 0.1 ±0.06 0.40 ±0.04
MAOZAMABAD 437.83 ±1.00 0.86 ±0.00 4.22 ±0.07 0.29 ±0.02 0.03 ±0.00 0.1 ±0.14 0.1 ±0.02 
AMIPUR 414.16 ±1.00 0.92 ±0.00 0.58 ±0.14 0.01 ±0.02 0.03 ±0.00 0.1 ±0.16 0.1 ±0.00 
CHIRSI 355 ±0.58 0.92 ±0.00 0.62 ±0.41 0.01 ±0.02 0.03 ±0.00 0.1 ±0.08 0.1 ±0.09 
TAJPUR 544.33 ±0.00 0.7 ±0.00 0.92 ±0.05 0.25 ±0.02 0.03 ±0.00 0.1 ±0.12 0.40 ±0.02
SARURPUR 1621.16 ±0.58 1.6 ±0.00 0.31 ±0.07 0.24 ±0.05 0.00 ±0.00 0.1 ±0.06 0.1 ±0.00
                                                                                        (c )        River water 
MAOZAMABAD 402.33 ±0.58 0.78 ±0.00 1.1 ±0.19 0.27 ±0.03 0.03 ±0.00 0.1 ±0.03 0.1 ±0.06 
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concentrations beyond drinking water standards than the rest  of the test sites. Of all the metals, Cr and Ni 
appeared to be the most mobile in the study area- saline soils (Table1) and hence of considerable threat to 
the underground aquifer. This finding was in close conformity with that of Maize et al. (2000) [20]. 
 
 
(a)  
 
 
 
(b)  
 
Fig 2. Estimated ground water vulnerability to (a) Chloride and (b) Fluoride vs. actual concentrations in ground waters of sample 
peri-urban agricultural sites in Faridabad 
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(d)  
 
(e)  
 
Fig 3. Estimated ground water vulnerability to (a) Iron (b) Manganese (c) Chromium (d) Nickel and (e) Lead vs. actual 
concentrations in ground waters of sample peri-urban agricultural sites in Faridabad 
 
4  Conclusions    
The investigation thus clearly showed that although the area is centered with a large number of small-
scale industrial units (viz., Textile, Printing, Dyeing, Metal Coating and Electroplating) yet application of 
surface waters, admixed with effluents from these industries, were not so-far responsible for any 
groundwater contamination in the study area. Infact the study revealed that the major cause of salt 
affected ground waters in the study area was primarily geogenic. The study could thus validate and 
demonstrate a robust approach for assessing salt / trace metal ground water vulnerability of any area with 
diverse soils, cropping pattern and water management strategies. Hence it is very evident that such 
regional aquifer vulnerability assessments, if properly conducted, can enable informed management 
210   K.G. Rosin et al. /  Procedia Environmental Sciences  18 ( 2013 )  200 – 210 
decisions so as to afford early warning of degradation and devise an effective strategy for sustainable 
ground water management. This can ultimately increase the chances of closing the gap between policy 
enactment and enforcement – so often a stumbling block to achieving sustainable water use  
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